DESCR| PTI ON PROCESS FOR PRODUCI NG PHOSPHOROHALI DATE
TECHNI CAL FI ELD The present invention relates to a process
for 5 producing phosphorohal i date (hal ogenated phosphoric acid

ester). BACKGROUND ART
Phosphor ohal i dat es are chem cal substances which are

useful in a w de

variety of fields as raw materials or 10 internedi ates for pharnaceuti cal

preparations, agricultural chemcals and the like or

as resin

addi tives such as flame retardants, ql-asticizers and the |ike or

I nternmedi ates thereof. For such uses, the purity should

be as high as

possi ble. 15 Phosphor ohal prkgreeTao® usual |y obt ai ned by

reacting a phosphorus oxyhalide with an aromatic hydroxy

conmpound. A

Lewi s acid catal yst is @ROEASASEOR f PRONUGING PHOSRHPBOHADIDATPpPr essi ng the
generation of the by-product triaryl phosphate during the reaction and

I ncreasing the 20 reaction rate. IECHNICAL FIELD However,

in such a net hod

of producing phosphor ohal i dates, the crude product obtained fromthe
The present invention relates to a process for

5 producing phosphorohalidate {(halogenated phosphoric acid

ester).

BACKGROUND ART

Phosphorchalidates are chemical substances which

are useful in a wide variety of fields as raw

10 intermediates for pharmaceutical preparations,

materials or

agricultural chemicals and the like or as resin additives

such as flame retardants, plasticizers and the like or

intermediates thereof. For such uses, the purity should

be as high as possible.

15 Phosphorohalidates are usually obtained by

reacting a phosphorus oxyhalide with an aromatic hydroxy

compound. A Lewis acid catalyst is often used for the

purpose of suppressing the generation of the by-product

triaryl phosphate during the reaction and increasing the

20 reaction rate.

However, in such a method of producing

phosphorohalidates, the crude product obtained from the

reaction usually contains not only its reaction products,

i.e., phosphorodihalidate and phosphoromonohalidate, but

25 also the Lewis acid catalyst, the by-product triaryl



reactjon usually contains not only its reaction products, I.e.
phosphor odi hal i date and phosphor ononohal i date, but 25 also the LGMAS aci d
catal yst, the by-product triaryl

- 2- phosphate, and the starting materials, i.e., phosphorus

oxyhal i de and aromati c hydroxy conmpound. As a result, in order to
produce high purity phosphorodi halidate suitable for use as a
pharmaceutical raw material or internediate 5 or as a reaction retarding
agent for nolding sand, etc., the crugle phosphorohal i dates obtained
fromthe reaction (crude reaction product) need to be purified by

distillation a?ﬂo%éﬁgtgo @eﬂk%gﬁﬂ&%Hﬂ%hméEeiﬂﬁ%grQPQa SR

product needs |so1 wever en a crude T actlon pr oduct

containing a Lsseséﬁaﬁﬁaéi £R4 8 Ysatl it hydro@Stbhbsehda HsSRr Qegﬁtthnahl on
reaction occurs during the distil'lati on process. Two nol ecul es of

phosphor odi hal hdate E@nﬂré&uéé”hﬁﬁﬂ pu&ﬁQFOBﬁoﬁph@ﬁé&ihéildate suitable
phosphor ononohal i date and one nolecul e of phosphorus 15 oxyhalide. Two

nol ecul es of phHesphse ca®nehsha el itdre 1t @aw matepiwkrdr i temrelinescul e
of phosphate and one nol ecul e of phosphor odi hal i date. Therefore, the
purity and %i ebd af a reathibornesitraodiiplyosgeotofiati vatdinarearst, e, ,
substantial ly
the crude phosphorohalidates obtained from the reaction
(crude reaction product) need to be purified by
distillation and each component contained in the crude
reaction product needs to be isolated. However, when a
10 crude reaction product containing a Lewis acid catalyst is
distilled, a disproportionation reaction occurs during the
distillation process. Two molecules of
phosphorodihalidate tend to convert into one molecule of
phosphoromonohalidate and one molecule of phosphorus
‘15 oxyhalide. Two molecules of phosphoromonohalidate tend to
convert into one molecule of phosphate and one molecule of
phosphorodihalidate. Therefore, the purity and yield of
the desired phosphorohalidate can not be substantially
increased even through purification by distillation.
20 IN T
A primary object of the invention is to solve
the above problem and provide a process for producing
high-purity phosphorohalidate in a higher yield using a
Lewis acid catalyst. The process can produce

25 phosphorohalidate containing no impurities such as the



l.ncreased even through purification by distillation. 20

DI SCLOSURE OF | NVENTI ON A primary object of the invention is
to solve t he above probl em and provide a process for producing

hi gh-purity phosphorohalidate in a higher yield using a Lewi s acid
catal yst. The process can produce 25 phosphorohalidate containing no

I mpurities such as the - 3-
phosphorus oxi hal i date and aromati c hydroxy conpound used as starting
materials and the catal yst. ~-3dhe present inventors carried
out intensive research to solve the problemand found the foll ow ng:

5 when a crudephegstidons it dheabnddabynsebethydroky compol@sp hieeds
oxyhalide with an aromatic hydroxy conpound in the presence of a Lew s
acid catal yst as srarfireg naterialsdiastl that cabvalyst he presence of an al kal
netal salt, the di sproportionation reaction is suppressed and the
desired 10 phosphor ohal Treatmeresamtbanybttvonedcanr hedyoyudintensdigehi gh

yi el d by an econom cal and sinple distillation process. The present

i nvention was ¥R$eARth sheddasedhenprhblaposed found it fpllowing:

Specifically, the present invention provides the .
5 when a crude reaction product obtained by reacting a

phosphorus oxyhalide with an aromatic hydroxy compound in
the presence of a Lewis acid catalyst is purified by
distillation in the presence of an alkali metal salt, the
disproportionation reaction is suppressed and the desired
10 phosphorohalidate can be obtained in high purity and high
yield by an economical and simple distillation process.
The present invention was accomplished based on the above
finding.
Specifically, the present invention provides the
15 following processes for producing phosphorochalidate and
for purifying the same.
1. A process for producing phosphorohalidate, the
process being characterized in that a crude reaction
product obtained by reacting a phosphorus oxyhalide with
20 an aromatic hydroxy compound in the presence of a Lewis
acid catalyst is purified by distillation in the presence
of an alkali metal salt.
2. The process for producing phosphorohalidate according
to item 1 wherein the alkali metal salt is an alkali metal

25 carbonate.



15 foll ow ng processes for produci ng phosphorohalidate and for
purifying the sane. 1. A process for producing phosphorohalidate, the
process being characterized in that a crude reaction product obtai ned
by reacting a phosphorus oxyhalide with 20 an aromatic hydroxy conpound in
the presence of a Lew s acid catalyst is purified by distillation in
t he presence of an alkali netal salt. 2. The process for .
produci ng phosphorohal i date accordi ng to item1l wherein the al kal
metal salt is an alkali metal 25 carbonaté- _ _ '
-4- 3. The process for produci ng phosphorohalidate according _ to
item1 or 2, wher dhe @r2®ess fornpreducing hehaphalriohalidateehatosaifgi s
used per nole of the Lewi s acid catalyst. 4. The process for
produci ng phosphoredall dat & acdwrgiing0.25 to hhynakes aff ithenmalkafld 3,
wherein the distil]ation for purification is carried out at a
tenperature off¢Rtosalt ipgyled pec. mole of, thidlgrisressid catplydtci ng
phosphor ohal i date accordin to any one of itens 1 to 4, wherein the
phosphor ohal i dat e T%Po pir§C§tgssl £Q&t Péﬁéumm&hwf@épéé;méﬁet peceoréipg
I sti [ nochj ori date an

ConSIStIng5 toogngléggﬂggI%%%%%hqr%gn39cwherefh the distillation for

purification is carried out at a temperature of 20 to

230°C.

5. The process for producing phosphorohalidate according

to any one of items 1 to 4, wherein the phosphorchalidate

10 is at least one member selected from the group consisting

of diphenylphosphoromonochloridate and

monophenylphosphorodichloridate.

6. A process for purifying phosphorohalidate, the process

being characterized in that a mixture containing a

15 phosphorodihalidate, a phosphoromonchalidate and a Lewis
acid catalyst is purified by distillation in the presence

of an alkali metal salt.

The process for producing phosphorohalidate
20 according to the present invention is characterized in
that the crude reaction product obtained by reacting a
phosphorus oxyhalidé with an aromatic hydroxy compound in
the presence of a Lewis acid catalyst is purified by
distillation in the presence of an alkali metal salt. 1In

25 this description, this process is divided into two steps,



nonophenyl phosphor odi chl ori dat e. 6. A process for purifying
phosphorohal i date, the process being characterized in that a mxture
containing a 15 phosphorodi halidate, a phosphorononohalidate and a Lew s
acid catalyst is purified by distillation in the presence of an al kal
nmetal salt. The process for produci ng phosphorohal i date
20 according to the present invention is characterized in that the
crude reaction product obtained by reacting a phosphorus oxyhal i de
with an aromatic hydroxy compound in -%+e presence of a Lewis acid
catalyst is purified by distillation in the presence of an al kal
netal salt. Ini.&5, tdistaesiord prcducingi a8 prodesseast by ipedivatt dxiowo a
st eps, - 5- i.e., a step for
produci ng a crpliespeects crryradduet ahdoamaaromat phozpdeexys aonpleainidde and an
aromati ¢ hydroxy conpound (hereinafter referred to as "reaction step")
and a step (hém:.mtftél;/lmfetmdcrt@désr égew‘ého%r@m'f) mpdisslePati on 5
(hereinafter referred to as "purification step"), and descri bed
bel ow. Referipurisfeprg the crude reaction product by dlstlllatlon
5 (hereinafter referred to as “purification step”)}, and is

described below.

Reaction step

In the reaction step, a phosphorus oxyhalide and
an aromatic hydroxy compound are reacted in the presence

10 of a Lewis acid catalyst.

Useful phosphorus oxyhalides include, for
example, phosphorus oxychloride, phosphorous oxybromide
and the like. Preferred is phosphorus oxychloride. The
phosphorus oxyhalides can be used singly or in

15 combinations of two or more.

Useful aromatic hydroxy compounds include, for
example, compounds having an OH group directly bound to an
aromatic ring such as a benzene ring, a naphthalene ring
or an anthracene ring, i.e., aromatic compounds having a

20 phenolic OH group. In addition, one to three substituents
such as alkyl groups or halogen atoms may be bound to the
aromatic ring. Two or more of the aromatic rings may be
bound to each other with a single bond, an alkylene group,
a sulfone group, etc. Alkyl groups useful as substituents

25 on the aromatic rings include straight or branched chain



ILn the reaction step, a phosphorus oxyhalide and an aromati c hydroxy
conpound are reacted in the presence 10 of a Lewis acid catal yst.

Usef ul phosphorus oxyhalides include, for exanpl e, phosphorus
oxychl ori de, phosphorous oxybrom de and the like. Preferred is
phosphorus oxychl oride. The phosphorus oxyhal i des can be used singly
or in 15 conbinations of two or nore. Useful aromatic
hydr oxy conpounds i nclude, for exanpl e, conpounds havi ng an OH group
directly bound to an aromatic ring sugh as a benzene ring, a
napht hal ene ring or an anthracene ring, i.e., aromatic conpounds

having a 20 giwefpldfoudd Hbtpg abbudddi £509, cattsor atidisse ssidhstist uent s
such as al kyl groups or hal ogen atonms nmay be bound to the aromatic

ring. Two or misthel, tdtchyr,onmpipropyilpgs sopyopel, n-budonind see-badlylet her
wi th a single bond, an al kyl ene group, a sul fone group, etc. Al kyl
groups useful tosristibstylucmcbutdsd, dexyhe hepbpti coctiygs rionpiludadsthai ght
or branched chain al kyl groups having about 1 to 9 carbon
atoms, such aslike. @eefyl helhgen atemepincludsoshdpyinen- byepinesardput yl
tert-butyl,5 isgggtfikeﬁexyl, heptyl, octyl, nonyl and the
Specific examples of aromatic hydroxy compounds
include phenol, {o-, m- or p-)methylphenol,
(0-, m~ or p-)ethylphenol, (o-, m~ or p-)n-propylphenol,
(o—, m~ or p-)isopropylphenol, (o-, m— or p-)n-butylphenol,
10 {o~, m~ or p-)sec~butylphenol, (o-, m- or p-)tert-
butylphenol, (o-, m—- or p-)}isobutylphenol,
{o~, m—- or p-)tert-butyl-2-methylphenol, {o-, m- or
p-)tert-butyl-4-methylphenol, (o-, m- or p-)pentylphenocl,
(o-, m- or p-)hexylphenol, {o-, m—- or p-)heptylphenol,
15 (0-, m~- or p-)}octylphenol, (o-, m- or p-)nonylphenol;
{(o-, m- or p-}chlorophenol, {o-, m- or p-)bromophenol,
(2,3-, 2,4-, 2,5-, 2,6~, 3,4~ or 3,5-)}dimethylphenol,
(2,3-, 2,4~, 2,5, 2,6-, 3,4- or 3,5-)diethylphenol,
(2,3-, 2,4-, 2,5-, 2,6-, 3,4~ or 3,5~)di-n-propylphenol,
20 (2,3-, 2,4~-, 2,5-, 2,6-, 3,4- or 3,5-)diisopropylphenol,
(2,3-, 2,4-, 2,5-, 2,6-, 3,4~ or 3,5-)di-n-butylphenol,
(2,3-, 2,4-, 2,5-, 2,6-, 3,4~ or 3,5-)di-sec-butylphenocl,
(2,3-, 2,4-, 2,5-, 2,6-, 3,4~ or 3,5-)di-tert-butylphenol,
(2,3-, 2,4-, 2,5-, 2,6-, 3,4- or 3,5-)dichlorophencl,
25 (2,3-, 2,4-, 2,5-, 2,6-, 3,4- or 3,5-)dibromophenol,



| i ke., Useful hal ogen atons include chlorine, bromne and 5 the |ike.

Speci fic exanples of aromati c hydroxy conpounds I ncl ude phenol, (o-,
m or p-)nethyl phenol, (o-, m or p-)ethylphenol, (o-, m or

p-) n- propyl phenol (o-, m or p-)isopropyl phenol, (o-, m or

p-) n- butyl phenol, 10 (o-, m or p-)sec-butyl phenol, (o-, m or p-)tert-
butyl phenol, (o-, m or p-)isobutyl phenol, (o-, m or
p-)tert-butyl -2-net hyl phenol, (o-, m or

p-)tert-butyl-4-net hyl phenol, (o-, m or 43) pentyl phenol, (o-, m or
p-) hexyl phenol, (o-, m or p-)heptyl phenol, 15 (o-, m or

p-)octyl phenol(z I,G—, B, 495-p- Enenstr@r@M- 2,4,600r m or

p-)chl orophenol, (o-, m or p-)bronophenol, (2,3-, 2,4-, 2,5-, 2,6-,
3,4- or 3,5- )(ﬁ,mtﬂayltmmmhylphenolﬂ(ﬁ;&%[&,,4,5—5- 2,3,6-, 2,3;46f

3, 5-) di et hyl phenol , (2,3-, 2,4-, 2,5-, 2,6-, 3,4- or

3,5-)di-n- pro@&l[}pfﬁeﬂ@lr 3,205-)€2i8thyPoHenol?, 562, 32 56+, 23445~or 2, 3, 6—,

3, 5-)diisopropyl phenol , (2,3-, 2,4-, 2,5-, 2,6-, 3,4- or

3, 5-) di - n- but ¥,phdnol , 2,4,6- 0@2,334,522mrip12>mllp1@n©1, 3243,br, 2,4,5-,
3,5-)di-sec- butylphenol 22,3-, 2,4-, 2,5- 3,4- or

3,5-) di - t ebt - ButdylqrheRal3, 4=+ 2,4¢5730r fz 44+5 )m—tez:tsbutzmhea@l

3, 5-)di chl or ophe noI 5 (2, 4 2, 5- 3, 4 or

3, 5-) di br omoph %45 %3% 246"~

3,4,5—)trichlorophenol, (2,3,5-, 2,4,5-, 2,3,6-, 2,3,4-~,
2,4,6~ or 3,4,5-)tribromophenol, hydroquinone, resorcin,
catechol, bisphenol A, bisphenol S, bisphenol F,

10 {1- or 2-)naphthol, (2,2'-, 4,4'-, 2,3-)biphenocl, {(1-, 2-
or 9-)anthracenol and the like. Herein, "o-, m—- or p-"
means that the benzene ring has a substituent at the ortho
position, metha-position or para-position. "2,3-, 2,4-,
2,5-, 3,4~ or 3,5-" means that the benzene ring has

15 substituents at the 2,3-, 2,4-, 2,5-, 3,4- or 3,5-
positions. "2,3,5-, 2,4,5-, 2,3,6-, 2,3,4-, 2,4,6- or
3,4,5-" means that the benzene ring has substituents at
the 2,3,5-, 2,4,5-, 2,3,6~-, 2,3,4-, 2,4,6~ or 3,4,5~
positions. The same shall be applied hereinafter.

20 These aromatic hydoxy compounds may be used
singly or in combinations of two or more.

BAmong the aromatic hydoxy compounds, phenol,
methylphenol, dimethylphenol and the like are preferred
from the viewpoint of commercial availability.

25 Particularly preferred is phenol.
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2,3
-)trinmethyl phenol, (2,3,5- 2,4,5
-)triethyl phenol, (2,3,5-, 2,4,5 ,
-)tripropyl phenol, (2,3,5-, 2,4,5-, , ,
-)tri-tert-butyl phenol, (2,3,5-, 2 -, 2,3,6-, 2,

3,4,5-)trichl orophenol, (2,3,5, 2,4,5-, 2,3,6-, 2,3, 4-,
- or 3,4,5-) tribronophenol, hydroqui none, resorcin, cat echol ,
enol A, bisphenol S, bisphenol F, 10g8-(1- or 2-)naphthol, (2,2 -,
4,4' -, 2,3-)biphenol, (1-, 2- or 9-)anthracenol and the like. Herein, -
0-, m or p-" nmeanghd haladtienbeRz ere reral] a8a fr SaD gt URingat the
ort ho position, metha-position or para-position. "2,3-, 2,4-,
2,5-, 3,4- or gpéut OEAHStd hatmdig REnNzeeeakbngthashydfoxs Wisipdumenipe rat
the 2,3-, 2,4-, 2,5-, 3,4- or 3,5- positions. "2,3,5-, 2,4,5-, 2,3, 6-,
2,3,4-, 2,4,6-mOle of tRe Holospheans oxkiyaklite. benzgreifiiegmiaingubatibuent s
at the 2,3,5-, 2,4,5-, 2,3,6-, 2,3,4-, 2,4,6- or 3,4,5-
posi ti ons. Thefsanthshatdctiompply ¢ Isedecheflt eccor@ing to the deshipeske
aromati ¢ hydoxy conpounds may be used singly or in conbinations of two
or more. 5 phosphorohahisirfe -he Farossanpley doxedisigso phesphetidsol
met hyl phenol , di nmet hyl phenol and the like are preferred fromthe
vi ewpoi nt of cerWerElde/ bydreshiqamppundygolpyy £ERELP PFYAGET & rlégrger
phenol . '

2,4,6- or
2,4,6- or
2,4, 6- or
3,4-, 2,4, 6-

4
,6-, 2,3,4-,
6

2,3, 4-
2,3, 4-
3,6
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proportion of diphenylphosphoromonohalidate. An increased
phosphorus oxyhalide/hydroxy compound molar ratioc produces
a larger proportion of phenylphosphorodihalidate.

10 Usable Lewis acid catalysts include known ones.
Specific examples are aluminum chloride, magnesium
chloride, zinc chloride, ferric chloride, stannic chloride,
titanium tetrachloride and the like. Especially preferred
is anhydrous magnesium chloride. The Lewis acid catalysts

15 may be used singly or in combinations of two or more.

Preferably, the Lewis acid catalyst is used in a
proportion of about 0.01 to 2 parts by weight per 100
pafts by weilght of the phosphorus oxyhalide, more
preferably about 0.1 to 1 parts by weight. An excess of

20 the Lewis acid catalyst tends to increase the occurrence
rate of side reaction, resulting in a lower yield. On the
other hand, an insufficient amount of the catalyst tends
to achieve insufficient catalytic effect.

The reaction between the phosphorus oxyhalide

25 and the aromatic hydroxy compound, i.e., the



-8- The reaction is preferably carried out using about
0.25 to 4 noles of the aromatic hydroxy conpound per nol e of the
phosphorus oxyhalide. A specific mxing ratio for the reaction nmay be
sel ected according to the desired 5 phosphorohalidate. For exanple, a
reduced phosphorus oxyhal i de/ hydr oxy compound nol ar ratio produces a

| ar ger proportion of diphenyl phosphorononohalidate. An increased
phosphor us oxyhal i de/ hydr oxy conpound nol ar ratio produces a |larger
proportion of phenyl phosphorodi halidate. -40 Usable Lewi s acid
catal ysts include known ones. Speci fic exanples are al um num chl ori de,
magnesi um eshéof fieat zomcreddigiorge cahebei caehi edi clet St atmospiidrdrd de,
titaniumtetrachloride and the like. Especially preferred i s anhydrous
magnesi um chl oprdesufdeot emdenatadicaidalpyebsurdés Gayebel bgedtlss ngly or in
conmbi nations of two or nore. Preferably, the Lewis acid
catal yst is usedachian is pxﬂfqnﬁhﬁyncammiadoautoiﬂ1the)abqﬁnqe;dﬁ/wﬁﬁqyu
per 100 parts by wei ght of the phosphorus oxyhalide, nor

pref erably abo‘ﬂheorga@blqnpwt@wlmuoglmrleﬂinmékc@ss%?c 2o 23(91&-Le%1 s acid
catal yst tends to _increase the occurrence of side reaction,
resulting i aPreferahie| wengy inhdetweenypRef ﬁﬁﬁdzogdcrn§U§P#E?§ﬁF anount

of the catal yst tends
reaction temperature may be selected according to the

desired phosphorohalidate.
The reaction time varies depending on the
amounts and kinds of starting materials used, reaction
10 temperature, and the like. The reaction time may be
suitably chosen to selectively and efficiently produce the
desired phosphorohalidate.
The reaction may be carried out in the presence
of an organic solvent, depending on the characteristics
15 and reactivity of the starting materials and the
phosphorohalidate to be obtained. Useful organic solvents
include any organic solvents that can dissolve the
starting materials and the reaction product, have a
boiling point higher than the reaction temperature and are
20 inert to the reaction. Examples of such organic solvents
are benzene, toluene, xylene, isopropyl benzene,
chlorobenzene, dichlorobenzene, dichloromethane,
dichloroethane, chloroform, tetrachloromethane, n-heptane,
n-hexanes and the like. These solvents may be used in

25 combinations of two or more. The amount of the organic



to achieve insufficient catalytic effect. The reaction
bet ween the phosphorus oxyhalide 25 and the aromatic hydroxy conpound,

i.e., the - 9- esterification
reaction, can be carried out at atnospheric pressure or under reduced
pressure. Cenerally, the reaction is preferably carried out in the
absence of water. The reaction is usually carried out at 20[err]C to
230[err]C. A 5 preferable range is between 50[err]C and 200[err]C. A

sui tabl e reaction tenperature may beilgel ected according to the

desi red phosphorohal i date. The reaction tinme varies

dependi ng on t8elvent wyedindlsouint e agprokinbtely negnomdlerial fulised,
reaction 10 tenperature, and the |ike. The reaction tine may be
sui tably chosedigsobed etli¢ wetomatnia: dffiroxgntbyppunduc@rt kecess ofletheed

phosphor ohal i dat e. The reaction may be carried out in the
presence sbluenorgamigraioingrithe depetidpngtbme tdre wdauias & ilomiccs 15
and reactivity of the starting materials and the phosphorohal i date to
be obtai ned. Us&h@l torreeecesdihemrganic sphepnbeafigt ditpartic@ddio¥ent s t hat
can di ssol ve the starting materjals and the reacti.on product, have a

boi | i ng poiht RFQEEFsSt NS REIMBANISSiraRper athen éndigudd starting

material is used, the other starting materials may be
dissolved therein and reacted.

The reaction product from the above reactidn
contains phosphorohalidates. Specific examples are

10 phosphorohalidates represented by the formula (1)

i
R10 —R—Xzn

(OR,
wherein R' and R? are the same or different and represent
an aryl group; the aromatic ring of the aryl group may
have at least one type of substituent selected from the
group consisting of halogen atoms and alkyl groups; X is a

15 halogen atom; and n is 0 or 1.

Specifically, in the formula (1), examples of
the aryl groups include the same groups as the residues
resulting from the removal of the OH group from the
aromatic hydroxy compounds. Examples of the halogen atoms

20 and the alkyl groups include the same as the halogen atoms

and the alkyl groups which are substituents of the



20 inert to the reaction. Exanples of such organic solvents are
benzene, toluene, xylene, isopropyl benzene, chl or obenzene,
di chl or obenzene, dichl oronet hane, di chl or oet hane, chl oroform
tetrachl oronet hane, n-heptane, n- hexanes and the |ike. These solvents
may be used in 25 conbinations of two or nore. The anount of the organic
- 10- sol vent used shoul d be approxi mately enough to fully
di ssolve the aromati c hydroxy conpound. An excess of the sol vent can
prolong the reaction tine or require a | odg- time to recover the
organi c solvent after the reaction 5 process, thus being undesirable. \Wen
a liquid startapguatic hydradmicompoysdd, the other starting materials nmay
be di ssol ved therein and reacted. . The reaction product
from the above reaction Of the@hogpherphasdprietonareriasanteshdy Mogmestanpl es
are 10 phosphgrohal i dates represented by the fornula gé%a

«di fferent and

[err] (I erRP PG adddlames, rheagsnt kel sl

represent for example, phenyl phosphorodichloridate,

5 {o-, m— or p-ychlorophenyl phosphorodichloridate,
(o-, m- or p-)bromophenyl phosphorodichloridate,
(o-, m—- or p-)hydroxylphenyl phosphorodichloridate,
(o-, m- or p-)methylphenyl phosphorodichloridate,
(o=, m~ or p-)ethylphenyl phosphorodichloridate,

10 {o-, m—- or p-)n-propylphenyl phosphorodichloridate,
(o-, m— or p-)isopropylphenyl phosphorodichloridate,
(o-, m— or p-)n-butylphenyl phosphorodichloridate,
(o-, m—- or p-—)sec-butylphenyl phosphorodichloridate,
(o-, m— or p-)tert-butylphenyl phosphorodichloridate,

15 (o=, m—- or p-)pentylphenyl phosphorodichloridate,

(o-, m- or p-)hexylphenyl phosphorodichloridate,
{o—-, m— or p-)heptylphenyl phosphorodichloridate,
{o—, m— or p-)octylphenyl phosphorodichloridate,
(o~-, m~ or p-)nonylphenyl phosphorodichloridate,

20 (2,3-, 2,4~, 2,5-, 2,6-, 3,4- or 3,5-)dichlorophenyl
phosphorodichloridate, (2,3~ 2,4-, 2,5- 2,6-, 3,4- or
3,5~-)dibromophenyl phosphorodichloridate, (2,3-, 2,4-,
2,5-, 2,6~, 3,4- or 3,5-)dimethylphenyl
phosphorodichloridate, (2,3-, 2,4-, 2,5-, 2,6-, 3,4- or

25 3,5-)diethylphenyl phosphorodichloridate, (2,3-, 2,4-,



an aryl group; the aromatic ring of the aryl group may have at | east
one type of substituent selected fromthe group consi sting of hal ogen
atons and al kyl groups; X is a 15 halogen atom and nis 0 or 1.
Specifically, in the formula (1), exanples of the aryl groups include
the sane groups as the residues resulting fromthe renoval of the CH
group fromthe aromati ¢ hydroxy conpounds. Exanples of the hal ogen
atons 20 and the al kyl groups include the sane as the hal ogen atons

and the al kyl groups which are substituentl2-of the

aromati ¢ hydroxy conpound. O the phosphorohal i dates
represented by2f®&rmi2a6-, 3,4+, )or mhﬁspﬁmpndpheﬁytbﬁemfmhere|n n=0 i ncl ude,
for exanpl e, phenyl phosphorodlchlorldate (o-, m or p-)chlorophenyl
phosphorodichIph@d@h@xodlchloxxﬁaten-(@anT)BFéﬁDphﬁﬁwd 2,6-, 3,4- or
phosphor odi chl ori dat e, (o-, m or p-)hydroxyl phenyl
phosphorodlchI6r5dh@%ﬂSOPrOPY¥Rheth-P@psphpnedhvhkwm%@ﬂte, (2,3-, 2,4~,
phosphor odi chl ori dat e, p-) et hyl phenyl

phosphor odi chl ¢ $dat %, 6-103/ 4(~o or r%450'r da “PnbpEpEphemehy |
Bﬂgzgﬂgggg:gﬂ:§$$%§$€}odlchloéldaté?-(2 3- )|509r08ylphenyl r 3,4~ or

3,5~)di~sec~-butylphenyl phosphorodichloridate, (2,3-, 2,4-,
2,5-, 2,6-, 3,4- or 3,5-)di-tert-butylphenyl
phosphorodichloridate, (2,3,5-, 2,4,5-, 2,3,6~, 2,3,4-,
2,4,6- or 3,4,5-)trimethylphenyl phosphorodichloridate,

10 (2,3,5- 2,4,5-, 2,3,6-, 2,3,4~-, 2,4,6- orx
3,4,5-)triethylphenyl phosphorodichloridate, tris{(2,3,5-,
2,4,5-, 2,3,6-, 2,3,4-, 2,4,6- or 3,4,5-)tripropylphenyl
phosphorodichloridate and like aryl phosphorodihalidates.

Phosphoromonohalidates wherein n=1 include, for
15 example, diphenyl phosphoromonochloridate,
{o-, m- or p-)dichlorophenyl phosphoromonochloridate,
(o-, m~ or p-)dibromophenyl phosphoromonochloridate,
(o—, m—- or p-)dihydroxylphenyl phosphoromonochloridate,
(o-, m- or p-)dimethylphenyl phosphoromonochloridate,

.20  (o~, m- or p-)diethylphenyl phosphoromonochloridate,
{o~, m—- or p-)di-n-propylphenyl phosphoromonochloridate,
{o-, m- or p-)diisopropylphenyl phosphoromonochloridate,
(o-, m~- or p-)di-n-butylphenyl phosphoromonochloridate,
{o—, m—~ or p-)di-sec-butylphenyl phosphoromonochloridate,

25 {o—-, m~- or p-)di-tert-butylphenyl phosphoromonochloridate,



(o-, m or p-)n-butyl phenyl phosphorodichl ori date, (o-, m or

p-) sec- butyl phenyl phosphorodi chl ori date, (o-, m or

p-)tert-butyl phenyl phosphorodichloridate, 15 (o-, m or p-)pentyl phenyl
phosphor odi chl ori dat e, (o-, m or p-)hexyl phenyl

phosphor odi chl ori dat e, (o-, m or p-)heptyl phenyl

phosphor odi chl ori dat e, (o-, m or p-)octyl phenyl

phosphor odi chl ori dat e, (o-, m or p-)nonyl phenyl
phosphorodi chl ori date, 20 (2,3-, 2,4-~-13-5-, 2,6-, 3,4- or

3, 5-) di chl or ophenyl phosphorodi chl oridate, (2,3- 2,4-, 2,5- 2,6-,
3,4- or 3(56-) umt+boonephdEpdnipytipdbehgdoghobbborambegckiBidatd,4-,

5-, 2,6-, 3,4- or 3,5-)dinethyl phenyl phosphor odi chl ori date, (2, 3-,
4-, 2,5-, 2,607, 3p4-oprp-ZEhexyE.phéngilhphphphgt optrosghiaridiadid,or i dat e,
3-, 2,4-, -12- 2,5-,

., 3,4-, or (8 b-;di oK- Rnkﬁﬁhqﬂﬂm%mhenyl phpapkphorRb @Rl Gtidddiee, (2, 3-,
, 2,5-, 2,6-, 3,4- or 5-) d||sopro€ylphen

phorodlchlé?ldd?e oF X~ kﬁlOQFMiPhenY PhQSB orgmqpocngmlqﬁte,

) 2, 6-,

di t h h di o-, 2,
O'r " ‘%“ Y Ba g 0% - S TBHeR AT o BEpROR SR ST R IS, ., o

, 2,6-, 3, é 150 (2 35,)9' terg -putyl phenyl ;. 3 5_)dichlorophenyl

phosphoromonochloridate, bis-(2,3- 2,4-, 2,5- 2,6-, 3,4-

2
2,
(2,
2, 6-
2, 4-
phos
3, 5-

3, 4-
2, 5-

or 3,5-)dibromophenyl phosphoromonochloridate, bis- (2, 3-,
2,4-, 2,5-, 2,6~, 3,4- or 3,5-)dimethylphenyl

10 phosphoromonochloridate, bis-(2,3-, 2,4-, 2,5-, 2,6-, 3,4-
or 3,5-)diethylphenyl phosphoromonochloridate, bis-(2,3-,
2,4-, 2,5-, 2,6-, 3,4~ or 3,5-)di-n-propylphenyl
phosphoromonochloridate, bis-(2,3-, 2,4-, 2,5-, 2,6-, 3,4-
or 3,5-}diisopropylphenyl phosphoromonochloridate, bis-

15 (2,3-, 2,4-, 2,5-, 2,6-, 3,4- or 3,5-)di-n-butylphenyl
phosphoromonochloridate, bis-(2,3-, 2,4-, 2,5~, 2,6-, 3,4-
or 3,5-}di-sec-butylphenyl phosphoromonochloridate, bis-
(2,3-, 2,4-, 2,5-, 2,6-, 3,4- or 3,5-)di-tert-butylphenyl
phosphoromonochloridate, bis-(2,3,5-, 2,4,5-, 2,3,6-,

20 2,3,4-, 2,4,6- or 3,4,5-)trimethylphenyl
phosphoromonochloridate, bis-(2,3,5- 2,4,5-, 2,3,6~,
2,3,4-, 2,4,6- or 3,4,5~)triethylphenyl
phosphoromonochloridate, bis-(2,3,5-, 2,4,5-, 2,3,6-,
2,3,4-, 2,4,6- or 3,4,5-)tripropylphenyl

25 phosphoromonochloridate and like diaryl
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hor odi chl ori date, (2,3,5-, 2,4,5-, 2,3,6-, 2,3, 4- 2,4,6- or
) ri met hyl phenyl phosphorodichloridate, 10 (2 3,5- 2,4,5-, 2,3,
2 4 6- or 3,4,5-) triethyl phenyl phosphorodlchlor i dat te,
( : 2,4,5-, 2,3,6-, 2,3,4-, 2,4,6- or
)trlpropylphenyl phosphorodi chl oridate and Iike aryl
hor odi hal i dat es. Phosphor ononohal i dat es wherein n=1
de, for 15 exanple, diphenyl phosphorononochl ori date, (o-,
-)di chl or ophenyl phosphor ononochl ori dd#e, (o-, m or
i br omophenyl phosphor ononochl ori dat e, (o-, m or
i hydr oxy| pbleoybhehospiaraligiedets.or i dat e, (o-, n} or
nmet hyl phenyl phosphorononochl oridate, 20 (o-,
i et hyl phenyl phosphd? @riodycs, thus ob(@;nedanQm the
i -n-propyl phenyl phosphorononochl ori dat e (o-, m or
i i sopr opy| paef ¥0®h%@ﬁ#ﬁ#%ﬁnﬁuﬂﬂﬂs@bp§89éha11date(oa m or
i -n-butyl phenyl phosphar onppaochl orj dat
i -sec- butyPBﬁ Pr?W£é %A%ﬁﬁ) %&a?@talﬁﬁt f?ﬁléﬂ.‘ oPnder
i-tert- but hen hos hor ononqchl ori date
o o boptell' pEserEun: ‘Eﬁ%’@“ S dEpRAY oRBRR T T b apreacted
p-) di hex r
 hept yi phe%%E "B rﬁ%féfi;nos@h”?%ﬁ% ycpHBbBnaty andfhe THid!
octylphenﬁhxgggagggégﬁgggghlorldate

10

15

20

25

In the purification step, the crude reaction
product obtained from the reaction step is purified by
distillation in the presence of an alkali metal salt.

The means of purification by distillation can be
roughly classified into batch distillations and continuous
distillations. These distillations are further divided
into atmospheric distillations and reduced pressure
distillations. Any of these distillation means can be
used in the present invention. A specific distillation
means can be selected according to the composition and
amount of the crude reaction product to be treated and the
like. Particularly preferred are distillations under
reduced pressure because the crude reaction product is
subjected to a lower amount of heat, resulting in
suppression of the disproportionation reaction.

Using rectification equipment is an effective
way to isolate a phosphorodihalidate or a

phosphoromonohalidate as a single compound from

6-1

m



0-, m or p-)dinonyl phenyl phosphorononochl ori dat e, bis-(2,3-,
2,5-, 2,6-, 3,4- or 3,5-)dichlorophenyl phosphor ononochl ori dat e,

2,3- 2,4-, 2,5- 2,6-, 3,4- or 3,5-)di bronmophenyl

hor ormnochl oridate, bis-(2,3-, 2,4-, 2,5-, 2,6-, 3,4- or

di et hyl phenyl 10 phosphorononochl oridate, bis-(2,3-, 2,4-, 2,5-,

h

S

(

4-

i s-

o]

5-

6-, 3,4- or 3,5-)diethyl phenyl phosphorononochl oridate, bis-(2,3-,
4-, 2,5-, 2,6-, 3,4- or 3,5-)di-n-propyl phenyl

osphor ononochl ori date, bis-(2,3-, 2,4-,-155-, 2,6-, 3,4- or

5- dlisopropylphenyl phosphor ononochl ori date, bis- 15 (2,3-, 2,4-,
5 2 6-, 3, phoesph8rdhatlidatdmt yl phenyl phosphor ononochl ori dat e,
S

o]
5-

3

o]

4

3

o]
4-

(
p
)
hosp
)

, 2 4-, 2,5-, 2,6-, 3,4- or 3,5-)di-sec-butyl phenyl
h

hos

S oronnnochlorldate Whtls- regard(tD:Zhﬁ zonditross, for ePyrEtcatdon

h

di-tert-butylp henX phosphor ononochl oridate, bis-(2,3,5-, 2,4,5-,
20 2b3y distpllaiony 131e1 @gnaa |¢§t ﬁyppﬁ@nyqilstlllatlon
rononochlorldate bis- (2,3, 3,4-, 2,4,6- or

;J tri et hyEpRBAFRtUTE, %%%%@rﬁshaclmeouanéattee bit%e(eza@ B 2 4, 5.,
o

) tripropyl phe 25
hosphor omghoc KESPPHSRe24RArFIIG a&*fﬂ £yped” inl aduncs "ot
1

phosphorohalidates and catalyst in the crude reaction

5
2,
bi
p
3
2
2
p
3
21
bi s- (2
phosp
3,5-)
2,3, 6-
phosph
3, 4, 5-
2,3, 6-
phosp

product, etc.

For commercial scale manufacturing, the degree

of vacuum is preferably in the range of about 0.5 to 300
10 mmHg.

The distillation temperature is preferably in
the range of about 20°C to 230°C. A distillation
temperature higher than 230°C is undesirable because it
tends to drastically accelerate the disproportionation

15 reaction of phosphorohalidate. On the other hand, if the
temperature is lower than 20°C, a large amount of energy
is required to cool the distillate with the condenser,
thus being undesirable.

The alkali metal salt used in the distillation

20 system is preferably in a proportion of about 0.25 to 10
moles per mole of the Lewis acid catalyst used in the
reaction process, more preferably about 0.5 to 2 moles.
If the amount of the alkali metal salt used is too small,
it is not possible to sufficiently suppress

25 disproportionation. On the other hand, an excess of the



phosphor ononohal i dat es. The crude product thus obtained from

t he reacti on contains a phosphorodi halidate, a

phosphor ononohal i date and the catal yst residue. Under 5 certain reaction
conditions, it may al so contain unreacted starting materials, triaryl
phosphate and the |ike. Purification step In the
purification step, the crude reaction product obtained fromthe
reaction step is purified by 10 distillation in the presence of an al kal
metal salt. The means of puamsification by distillation can be

roughly classified into batch distillations and continuous

distillations.aThese médl |41 eiesanetl ukbRer dinetegse its igffiects,
atnospheric distillations and reduced pressure 15 distillations. Any of
these distillathog bhehns wescdemnical .uskdriletderegyr eserizcensenti bhe A
specific distillation means can be sel ected according to the

conposi tion ammetal sabbums ofhe elvergee eféacti off perdiuey tto deecampesteed and
t he like. Particularly preferred are distillations under 20 reduced
pressure becautket@estredeoreddlti.on product is subj ected to a | ower

anount of heat, resultiqg in suppression of the dj sproportionation
reacti on. xapp kR fceilikpdat PehabgiR bre NG ef fecti ve

way to isolate a phosphorodihalidate or a .25 hosphor ononohal i date as a
si%gle conpounﬁa¥$6ﬂ?€gs such as soéium carbonatg, sghfhm

hydrogencarbonate, potassium carbonate and potassium
hydrogencarbonate; and chlorides such as sodium chloride
and potassium chloride. Carbonates are preferred because
10 even a small amount of carbonate can sufficiently suppress
the disproportionation of phosphorochalidates.
Particularly preferred is sodium carbonate. In this case,
the alkali metal salt is solid and the crude reaction
product is liquid. Therefore, it is preferable that the
15 two components be in sufficient contact with each other,
particularly preferably by stirring during distillation or
fully stirring before distillation. A larger contact area
between the alkali metal salt and the crude reaction
product results in a greater disproportionation
20 suppression effect. Therefore, fine powder of alkali
metal salt is preferable to granular one.
In the case of using a solvent in the reaction
process or reacting a hydroxy compound with an excess of
phosphorus oxyhalide, it is preferable that the solvent,

25 phosphorus oxyhalide and like low boiling point compounds



-15- . phosphor ohal i dat es. Wth regard to the conditions
for purification by distillation, the degree of vacuum distillation
tenperature, distillation tine and the |ike can be 5 sel ected according
to the types and anmounts of phosphorohal i dates and catal yst in the
crude reaction product, etc. For commercial scale
manuf acturing, the degree of vacuumis preferably in the range of
about 0.5 to 300 10 mrHg. The distillation tenperature is
preferably in the range of about 20[are] C to 230C. A distillation
tenperature higher than 230[err]C is undesirable because it tends to

drastically ficéﬁdielﬁy&ﬁoc%éle SHISPFROIdon®BahEANin 16he r@ALld GReaftion
phosphorohalidate. “ On the other hand, if the tenperature is | ower

than 20[ err] C paodiacgebarntaiivedi mBnev@yoratiohsbebsms ridek tdisaddlstien
distillate mﬁt% t he condenser, t hus bei ng undesirabl e.

The al kali metptosess. used in the distillation 20 systemis preferably in
a proportion of about 0.25 to 10 nol es per nole of the Lewis acid
catal yst used in the Acce@atiriprioptbeesboveavprogess erfatpuyrifiowtions to 2
nol es. I f the anmount of the alkali nmetal salt used is too small,

5 Dby distillation, phosphorodihalidate and
phosphoromonohalidate can be separated from the crude
reaction product and obtained with high purity in high
yield. Phosphorodihalidate or phosphoromonohalidate can
also be isolated as a single compound in high purity and

10 high yield.

The purification step can be carried out
subsequently to the reaction step in a process for
producing phosphorohalidate. Alternatively, the
purification step can be carried out as a purification

15 method for a mixture containing phosphorodihalidate,
phosphoromonohalidate and Lewis acid catalyst,
independently from the reaction step. For example, after
repeated production of the crude reaction product by
reacting a phosphorus oxyhalide with an aromatic hydroxy

20 compound, the crude product is transferred to a treatment
vessel other than the reaction vessel. The distillation
treatment is then carried out under the above conditions,
whereby phosphorohalidates can be separated from a mixture

of phosphorodihalidate, phosphoromonohalidate and Lewis

25 acid catalyst and obtained with high purity in high yield.



.t i1s. not possible to sufficiently suppress 25 disproportionation. On
the other hand, an excess of the

- 16- al kali metal salt does not further increase its effects,

t hus bei ng uneconom cal. Furthernore, an excess of the metal salt has
the adverse effect of tending to deconpose the desired product. 5
Exanpl es of alkali nmetal salts include carbonat es such as sodi um
carbonat e, sodium hydr ogencar bonat e, potassi um car bonate and potassi um
hydr ogencar bonat e; and chl ori des such as-ggdi um chl ori de and pot assi um
chl oride. Carbonates are preferred because 10 even a small amount of

carbonate can suéhif£igidess WHTiRSently phbeideés prloppidmiailicatels.
phosphor ohal i dat es. Particularly preferred is sodi umcarbonate. In

this case,  the al katrnowretmirifdhtisnsnétilodndsiudie s iid treddonon
product is liquid. Therefore, it is preferable that the 15 two conponents
be in sufficiemtd coemiacanen sdpaeadiiont ken, be usegatre imutifiv \ther ef erabl y by
stirring during distillation or fully stirring before distillation. A
| arger cont actplwgphorohabisiatesn dbitaiakidaby hee apraetds ffd the reseat
reaction product results in a greater disproportionation
5 invention, provided that the purification methods do not
adversely affect the product.
The qualities such as purity, hue and metal
content of the phosphorohalidates obtained by the process
- of the invention can be controlled to match needs by
10 appropriately selecting the production conditions in the
above production process and optionally further using one
or more other known purification methods.
Effects of the Invention
The production process of the present invention
15 can suppress the disproportionation'reaction more
effectively than the conventional purification processes
by distillation, resulting in reduction of by-products and
achieving production of phosphorohalidates in high purity
and high yield. This production process is especially
20 advantageous for producing high-purity phosphorodihalidate
or phosphoromonohalidate as a single compound.
BEST MODE FOR CARRYING OUT THE INVENTION
The present invention will be described below in

more detail with reference to Examples.

25 In Examples, the content of each component was



20 suppression effect. Therefore, fine powder of alkali metal salt
Is preferable to granul ar one. In the case of using a
solvent in the reaction process or reacting a hydroxy conpound with an
excess of phosphorus oxyhalide, it is preferable that the solvent, 25
phosphorus oxyhalide and |ike | ow boiling point conpounds

-17- and hydrogen chloride contained in the crude reaction

product be renoved by evaporation before the distillation process.
According to the above process of purificdPron 5 by distillation,
phosphor odi hal i date and phosphor ononohal i date can be separated from
the crude meaxer¢d by ranfu ahrprg toprabhid (egeiemath Game it y GG 14iAdh

yi el d. Phosphorodi hal i date or phosphor ononohal | date_can, |, al so be

i sol ated as a Bapgfackemd ki Sphrmﬁd@hl FoEPPHRBHRR 16PnitgiPnF e SgmPLe

The purificatipn_géﬁigcan e caryried out ﬁubs quently to the reaction

step in a proct®s N voluResq fidh  lph GSpHBR &I Uht & - Iaiftrer nat i vel y, the
pur 11 CaL1 on Sk SRl bes CALLed UL 23 SOMILT ERURM00 Y JPLHEY @
5 filler: Silicone HV grease, carrier: Gaschrom Z (particle
size 80-100 mesh), reference column: the same as above,
carrier gas: He, flow rate: 50 ml/min-atm, detector: TCD
{(current 50mA), detector temperature: 280°C, injection
temperature: 280°C). The metal content in the product was
10 determined in accordance with JIS K011l6 by ICP
{(Inductively Coupled Plasma Spectrometry).

The disproportionation rate was calculated
according to the equation shown below and used as the
measure of yield. Specifically, a lower

15 disproportionation rate of the desired compound indicates
successful suppression of disproportionation and means
higher yield and higher purity.

Disproportionation rate (%)=
[(Total weight of the target compound in fractions by distillation — weight of the target

20  compound contained in the crude product) / weight of the target compound in the crude
product] x 100
{Example 1)

A 2-liter four-necked flask equipped with a
stirrer, a thermometer and a condenser was charged with

25 752 g of phenol, 1842 g of phosphorus oxychloride and 2 g



phosphor ononohal i date and Lewi s acid catal yst, | ndependently fromthe

reaction step. For exanple, after repeat ed production of the crude
reaction product by reacting a phosphorus oxyhalide with an aromatic
hydroxy 20 conpound, the crude product is transferred to a treatment
vessel other than the reaction vessel. The distillation treatnment is
then carried out under the above conditions, wher eby
phosphorohal i dat es can be separated froma m xture of

phosphor odi hal i dat e, phosphor ononohal i dat-@gnd Lewis 25 acid catal yst and
obtained with high purity in high yield. _

- 18- Suchofi pagnessueféhloridd V(P reatiadestphosmho mikahirdatkes. ,
Known purification methods such as filtration and nmenbrane separation
can be used tospirkés whele it wywiwdmuvechahiddahesrebtel aed dnpdfeipfeocess
of the present 5 invention, provided that the purification nmethods do not
adver sel y af f ewést geaguatilytraised to 95°C ovefhe peniodie@s Busdums. purity,

hue and net al .content of the phosphorohalidates obtained by the
process ofonférningnthah wreast esbmhesblledas onatit téfheeds by 10
appropriately selecting the production conditions in the above

product.i on r oE83StAAA % i SHPRSA £ uFbRehYdEPIRN gidloride gas produced

during the reaction was introduced into a water scrubber.
Then, the pressure was gradually reduced to 100 mmHg and
the temperature was raised to 120°C to collect the excess
phosphorus oxychloride. The crude product obtained from

10 the reaction (hereinafter referred to as “crude product
(1)”) weighed 1730.2 g. Table 1 shows the composition of
crude product (1). In the table, compound (1) indicates
phenylphosphorodichloridate, compound (2)
diphenylphosphorochloridate, and compound (3)

15 triphenylphosphate.

Subsequently, 861 g of crude product (1) and
1.1 g of sodium carbonate were added to a 1l-liter four-
necked flask equipped with a stirrer, a thermometer, a
condenser and a receptor connected via an adaptor.

20 Distillation was carried out under reduced pressure (31
mmHg) . The initial fraction was collected at a
distillation temperature from 120°C to 141°C. The main
fraction was collected at a distillation temperature from
141°C to 158°C over a period of 10 hours. The remainder

25 was the residual fraction. Table 1 presented below shows



or nor.e other known purification methods. Ef fects of
the I nvention The production process of the present
invention 15 can suppress the disproportionation reaction nore
effectively than the conventional purification processes by
distillation, resulting in reduction of by-products and achi evi ng
producti on of phosphorohalidates in high purity and high yield. This
production process is especially 20 advantageous for producing

hi gh- purity phosphorodi hal i date or plgsphorononohalidate as a single
conpound. BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON

The present inypat4&Ights lal® dgodikedneeb8Whd initidDrerLaiidn, Watih
reference to Exanples. 25 I n Exanpl es, the content of each
conponent was fraction and residual fraction. The purity of- t8e

measured by gas chromat ography (equi prment nane: "GC- 14A", manuf act ur ed
by Shi madzu Coppenaiplaspliormiididreideaeplie the mainp efrtadoni oroldrteingdd
[err]l, colum length: 2.1 m tenperature rising rate: 16[err]C/ min.
(from 100[ err ]Gyt digoDl batiw@) was PH.i8kl.er: Silicone HV grease, carrier:
Gaschrom Z (particle si ze 80-100 nesh), reference colum: the sane as
above, 5 cafExappyasi) He, flowrate: 50 m/min.atm detector: TCD

(current 50mA), detector_tenperature: 280[err]C, injection
Distillation was carried out under reduced

pressure (31 mmHg) in the same manner as in Example 1
except that 0.55 g (half the amount used in Example 1) of
sodium carbonate was used with 861 g of crude product (1)

10 obtained in the same manner as in Example 1. The initial
fraction was collected at a distillation temperature from
120°C to 141°C. The main fraction was collected at a
distillation temperature from 141°C to 158°C over a period
of 10 hours. The remainder was the residual fraction.

15 Table 1 presented below shows the weights and compositions
of the initial fraction, main fraction and residual
fraction. The purity of the phenylphosphorodichloridate
in the main fraction obtained by distillation was 100%.
{Example 3}

20 A l-liter four-necked flask equipped with a
stirrer, a thermometer and a condenser was charged with
376 g of phenol, 921 g of phosphorus oxychloride and 1 g
of magnesium chloride {(a catalyst). The mixture was
stirred while it was heated and the reaction temperature

25 was gradually raised to 90°C over a period of 6.5 hours.



tenperature: 280[err]C). The nmetal content in the product was 10

determ ned in accordance with JI'S KO116 by ICP (I'nductively Coupl ed
Pl asma Spectronetry). The di sproportionation rate was

cal cul at ed according to the equati on shown bel ow and used as the
measure of yield. Specifically, a lower 15 disproportionation rate of the
desired conpound i ndi cates successful suppression of

di sproportionati on and neans hi gher yield and higher purity.

Di sproportionation rate (9% = [ (Tot alzowei ght of the target conpound in

fractions by distillation - weight of the target 20 conpound contained in

the crude prOd(@@ﬁfifmﬂ%%ﬁa@fuﬂﬂ&dtéﬁgﬁheﬁeﬂp@a@%cb@ 1dwe crude
product] x 100 anple 1 A 2-Titer four-necked

flask equi ppedré\fa&ial@n was stOppgd@r, Thet hedifeye ehldtdde ¢esdersdtceas
charged with 25 752 g of phenol, 1842 g of phosphorus oxychloride and 2 g

- 20- of nAgnesg uthe hteadidieor avagatialtystihcedhentd x4 wwatevasscrubbest.i rred
while it was heated and the reaction tenperature was gradually raised
to 95[ err] C ovEhen, pehé¢ opredsiréouss graduallyntedaded tdak0lmmsred phenol
was not left, the
5 the temperature was raised to 120°C to collect the excess
phosphorus oxychloride. The crude product obtained from
the reaction (hereinafter referred to as “crude product
(2)”) weighed 856.7 g. Table 1 presented below shows the
composition of crude product (2).
10 Subsequently, distillation waé carried out under
reduced pressure (30 mmHg) in the same manner as in
Example 1, except that 0.9 g of sodium chloride was used
with 630.1 g of crude product (2). The initial fraction
was collected at a distillation temperature from 120°C to
15 141°C. The main fraction was collected at a distillation
temperature from 141°C to 158°C over a period of 10 hours.
The remainder was the residual fraction. Table 1
presented below shows the weights and compositions of the
initial fraction, main fraction and residual fraction.
20 The purity of the phenylphosphorodichloridate in the main
fraction obtained by distillation was 99.9%.
(Example 4)
A 1l-liter four-necked flask equipped with a

stirrer, a thermometer and a condenser was charged with

25 376 g of phenol, 921 g of phosphorus oxychloride and 1 g



5 reaction was stopped. The hydrogen chl ori de gas produced during the
reaction was introduced into a water scrubber. Then, the pressure was
gradual ly reduced to 100 nmHg and the tenperature was raised to
120[err]C to collect the excess phosphorus oxychl oride. The crude
product obtained from 10 .the reaction (hereinafter referred to as "crude
pr oduct (") weighed 1730.2 g. Table 1 shows the conposition of
crude product (1). In the table, compound (1) indicates

phenyl phosphor odi chl ori date, conmpound (2)23-

di phenyl phosphorochl ori date, and conpound (3) 15 triphenyl phosphate.
Subsequently, 86lmggnésimidehipmidiect(a( tatangst). Thelndxelirgodhem carbonate

were added to a 1-liter four- necked flask equipped with a stirrer, a
t hermonet er, astirredowhiehsert ants deateephad thaneedeidion ceampeadapirer. 20
Distillation was carried out under reduced pressure (31 mHg) . The
initial fractiweaswasadeslkrteaisad £0 95°Cdpyer| hapeniod enfhei.dt draaids.om
120[err]C to 1l41[err]C. The main fraction was collected at a

distillation tenpéiaming thatmunreacted phepclt vagseplerkqft ovtde a period of

10 hours. The remainder 25 was the resjdual fraction. Table 1 presented
bel ow show® Yreaction was stopped. The hydrogen chlorideygas produced

during the reaction was introduced into a water scrubber.
Then, the pressure was gradually reduced to 100 mmHg and
the temperature was raised to 120°C to collect the excess
phosphorus oxychloride. The crude product obtained from
10 the reaction (hereinafter referred to as “crude product
{3)”) weighed 850.3 g. Table 1 presented below shows the
composition of crude product (3).
Subsequently, distillation was carried out under
reduced pressure (30 mmHg) in the same manner as in
15 Example 1, except that 1.1 g of sodium chloride was used
with 631.2 g of crude product (3). The initial fraction
was collected at a distillation temperature from 120°C to
140°C. The main fraction was collected at a distillation
temperature from 140°C to 150°C over a period of 10 hours.
20 The remainder was the residual fraction. Table 2
presented below shows the weights and compositions of the
initial fraction, main fraction and residual fraction.
The purity of the phenylphosphorodichloridate in the main
fraction obtained by distillation was 99.9%.

25 {(Comparative Example 1)



t.he wei ghts and conpositions of the initial fraction, main fraction

and residual fraction. The purity of the phenyl phosphor odi chl ori dat e
in the main fraction obtained by distillation was 99.8% 5 ( Exanpl e
2) Distillation was carried out under reduced pressure
(31 mmHg) in the same manner as in Exanple 1 except that 0.55 g (half
t he anbunt used in Exanple 1) of sodi um carbonate was used with 861 g
of crude product (1) 10 obtained in the same nanner as in Exanple 1. The
initial fraction was collected at a-@4stillation tenperature from

120[err]C to 141[err]C. The main fraction was collected at a

distillation tenperaturerie apaddtiosr whe tartb8fiesuf Grovidie asgmer imachner - of
10 hours. The remai nder was the residual fraction. 15 Table 1 presented
bel ow shows t haswenghtampbel Tempmpitt ithas a 1-lbter hEowmnéeked daskon, main

fraction and residual fraction. The purity of the

phenyl phosphor eduipiped i dhtle a stirmert,h@ eﬁmomaberoan@ba SoTeEtprppr was
distillation was 100% ( Ex 3) Al-liter

f our - necked fI@Bﬂr@%@|¥$ﬁki%ﬁQfge9f Phen@ﬂvrﬂ@?4 a ¢ hef et a
condenser was charged with 376 of phenol, 921 g of phosphorus
oxychl ori d& angX¥chloride angyrity EﬁIgBPFHBm(%h%%Faql?sf%) Y@Srur e

was stirred

gradual | y rai s&@d %@O‘f".e%'?‘\}/\g?sd(%t qﬁé%oé‘fﬁgllggg t‘lﬁggr}%eé?eeé Ul ne® RS

reaction temperature was gradually raised to 105°C over a
period of 12 hours. After completion of the reaction, the
excess phosphorus oxychloride was collected. The crude

10 product obtained from the reaction (hereinafter referred
to as “crude product (4)”} weighed 744 g. Table 2 shows
the composition of crude product (4).

Subsequently, 744.1 g of crude product {4) alone

was distilled under reduced pressure (22 mmHg) in the same

15 manner as in Example 1. The initial fraction was
collected at a distillation temperature from 120°C to
131°C. The main fraction was collected at a distillation
temperature from 131°C to 158°C over a period of 10 hours.
The remainder was the residual fraction. Table 2

20 presented below shows the weights and compositions of the
initial fraction, main fraction and residual fraction.
The purity of the phenylphosphorodichloridate in the main

fraction obtained by distillation was 96.8%.



reaction

t he

during the reaction
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stirred

was gradually raised

The m xture was
Confirm ng that unreacted

5 reaction was stopped. The hydrogen chloride

t he

| eft,

of magnesium chl oride (a cataR§st).

while it was heated and the reaction tenperature

a thernoneter and a condenser was charged with 25 376 g of
to 95[err] C over a period of 6.5 hours.

921 g of phosphorus oxychloride and 1 g

was not

phenol ,
-23-
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present ed bel ow shows the wei ghts and conpositions of the initial
fraction, main fraction and residual fraction. The purity of the
phenyl phosphor odi chl oridate in the main fracti on obtained by
distillation was 99.9% 25 (Conparative Exanple 1)
- 24- The reaction was carried out in the sane manner as
in Exanple 1 except that a 1-liter four-necked fl ask equi pped with a
stirrer, a thernoneter and a condenser was charged with 329 g of
phenol, 1074.5 g of phosphorus 5 oxychl ei7de and 0.9 g of nagnesi um
chloride (a catalyst), and the mxture was stirred while it was heated
and t he I eegémle t®NpPerature was gradual ly raised to 105[err] C over a
period of 12 hours. After conpletion of the reaction, the excess
phosphorus oxychl ori de vims2<hitteertfedir-hleeketdudiask Oeqguisied wildhnianed from
the reaction (hereinafter referred to as "crude product (4) ") weighed
744 g. Tabl e 2sthomsr, a thémnawiposianidoa obndenser prasiuttarigBd with
Subsequently, 744.1 g of crude product (4) alone was distilled under
reduced pressui@lgze ofitphenal i H8samef phosphorus agxyehBains artd ITHe
initial fraction was collected at a distillation tenperature from
120[err] C to ¢ of magnesium chloride (a catalyst). The mixture was
stirred while it was heated and the reaction temperature
was gradually raised to 125°C over a period of 11 hours,
Confirming that unreacted phenol and phosphorus oxyhalide
were not left, the reaction was stopped. The hydrogen
10 chloride gas produced during the reaction was introduced
into a water scrubber. Then, the residual hydrogen
chloride was removed under reduced pressure (50 mmHg).
The crude product obtained from the reaction (hereinafter
referred to as “crude product (5)”) weighed 1500 g. Table
15 3 shows the composition of crude product (5).
Subsequently, 745 ¢g of crude product (5) and 0.9
g of sodium carbonate were added to a l-liter four-necked
flask equipped with a stirrer, a thermometer, a condenser
and a receptor connected via an adaptor. Distillation was
20 carried out under reduced pressure (5 mmHg). The initial
fraction was collected at a distillation temperature from
125°C to 180°C. The main fraction was collected at a
distillation temperature from 180°C to 191°C over a period
of 10 hours. The remainder was the residual fraction.

25 Table 3 presented below shows the weights and compositions



131[err]C. The main fraction was collected at a distillation

tenperature from1l31l[err]C to 158[err]C over a period of 10 hours. The
remai nder was the residual fraction. Table 2 20 presented bel ow shows the
wei ghts and conpositions of the initial fraction, main fraction and
residual fraction. The purity of the phenyl phosphorodichloridate in
the main fraction obtained by distillation was 96. 8% - 25-
[err] - 26- [err]

-217- ' ~-28~-

of the initial fraction, main fraction and residual
fraction. The purity of the diphenylphosphorochloridate
in the main fraction obtained by distillation was 98%.
{Comparative Example 2)

5 745 g of crude préduct {5) alone was distilled
under reduced pressure {7 mmHg) in the same manner as in
Example 5. The initial fraction was collected at a
distillation temperature from 125°C to 185°C. The main
fraction was collected at a distillation temperature from

10 185°C to 198°C over a period of 10 hours. The remainder
was the residual fraction. Table 3 presented below shows
the weights and compositions of the initial fraction, main
fraction and residual fraction. The purity of the
diphenylphosphorochloridate in the main fraction obtained

15 by distillation was 91%.

The metal contents of the products obtained in
Examples 1-5 and Comparative Examples 1 and 2 were below

the detection limit (0.1 ppm).



A 2-liter four-necked flask equipped with a

a thernoneter and a condenser was charged-with

phenol, 884 g of phosphorus oxychlori de23nd 1.6

(-Exampl e 5)
(a catal yst).

stirrer,

1018 g of

5 g of magnesi um chl ori de

stirred while it was heated and the

The m xture was
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-.28-. . of the initial fraction, main fraction and residual
fraction. The purity of the di phenyl phosphorochl ori date in the main
fraction obtained by distillation was 98% (Conparative Exanple 2) 5
745 g of crude product (5) alone was distilled under reduced pressure
(7 mmHg) in the sane manner as in Exanple 5. The initial fraction was
collected at a distillation tenperature from 125[err]C to 185[err]C
The main fraction was collected at a distillation tenperature from 10
185[err]C to 198[err] C over a period of X@ckours. The renuai nder was
the residual fraction. Table 3 presented bel ow shows t he wei ghts and
conposi tions of the initAgalid relddroEromirables 1+3Acthan e deasirdidal
fraction. The purity of the di phenyl phosphorochl oridate in the main
fracti on obtai peddudb why phaiyliplsdsphorwaicBléridate (compound (1) )The netal
contents of the products obtained in Exanpl es 1-5 and Conparative
Exanpl es 1 andd2speopobeiowation ditk nddét ectiionihi Bkamgle 11 pipmjwhich

distillation was carried out in the presence of sodium

5 carbonate; in Examples 2-4 also, the disproportionation

rates were extremely low and no substantial

disproportionation occurred. In contrast, Comparative

Example 1 in which sodium carbonate was not present had a

higher disproportionation rate than the Examples, which

10 indicates accelerated disproportionation. Similarly, when

the desired product was diphenylphosphorochloridate

{compound (2})), a higher disproportionation rate was found

in Comparative Example 2 than in Example 5.

These results show that the process of the
15 present invention can almost completely suppress the
disproportionation of the products during purification by

distillation.



[err] . - 30- As is

clear from Tabl es 1-3, when the desired product was

phenyl phosphor odi chl ori date (conpound (1)), di sproportionation did not
occur in Exanple 1 in which distillation was carried out in the
presence of sodium 5 carbonate; in Exanples 2-4 also, the

di sproportionation rates were extrenely | ow and no substanti al

di sproportionation occurred. In contrast, Conparative Exanple 1 in

whi ch sodi um car bonate was not present hagia hi gher di sproportionation

rate than the Exanples, which 10 indicates accelerated
di sproportionation. Simlarly, when craire desired product was

di phenyl phosphor ochl ori dat e (conmpound (2)), a higher
di sproportionation rate was found in Conparative Exanple 2 than in
Exanpl e 5. These results show that the process of the 15

present invention can al bost Acpmptesel fosupprdssinchehosphorohalidate,
the process being characterized in that a crude reaction
5 product obtained by reacting a phosphorus oxyhalide with
an aromatic hydroxy compound in the presence of a Lewis
acid catalyst is purified by distillation in the presence
of an alkali metal salt.

2. The process for prodﬁcing phosphorohalidate

10 according to claim 1 wherein the alkali metal salt is an
alkali metal carbonate.

3. The process for producing phosphorohalidate
according to claim 1 or 2, wherein 0.25 to 10 moles of the
alkali metal salt is used per mole of the Lewis acid

15 catalyst.

4. The process for producing phosphorochalidate
according to any one of claims 1 to 3, wherein the
distillation for purification is carried out at a
temperature of 20°C to 230°C.

20 5. The process for producing phosphorohalidate
according to any one of claims 1 to 4, wherein the
phosphorohalidate is at least one member selected from the
group consisting of diphenylphosphoromonochloridate and
monophenylphosphorodichloridate.

25 6. A process for purifying phosphorohalidate,

R

R UL



di sproportionation of the products during purification by
distillation. - 31-
CLAIMB 1. A process for produci ng phosphorohali date,
t he process being characterized in that a crude reaction 5 product
obtai ned by reacting a phosphorus oxyhalide with an aromati c hydroxy
-conmpound in the presence of a Lew s acid catalyst is purified by
distillation in the presence of an alkali netal salt.
2. The process for produci ng phosphorohalixpate 10 according to claim1
wherein the alkali nmetal salt is an al kali metal carbonate.
3. The processtherpPbeEss| e i asharcakalizdat én that age@itiwnge to claim 1 or
2, wherein 0.25 to 10 noles of the al kali metal salt is used per nole
of the Lew s aecofitaibhingtalpisésphorodihalidate, 4.pHbsppsrmessodaridateduci ng
phosphor ohal i dat e according to any one of clains 1 to 3, wherein the
distillation fandparLéwiataoidicaicdrstedsopurafiad by disnpkladtiore iof
20[err]C to 230[err]C

the presence of an alkali metal salt.

AR T



20 .. 5. The process for producing phosphorohalidate accordi ng

to any one of clains 1 to 4, wherein the phosphorohalidate is at |east
one nmenber selected fromthe group consi sting of
di phenyl phosphor ononochl ori date and nmonophenyl phosphor odi chl ori dat e.

6. A process for purifying phosphorohalidate,
-32- the process being characterized in that a mxture containing a
phosphor odi hal i date, a phosphorononohalidate and a Lewis acid catalyst is
purified by distillation in the presence3dF an alkali netal salt.

Abstract

The present invention provides a process for
producing phosphorochalidate characterized in that a crude
5 reaction product obtained by reacting a phosphorus

oxyhalide with an aromatic hydroxy compound in the
presence of a Lewis acid catalyst is purified by
distillation in the presence of an alkali metal salt. The
process of the invention produces a high-purity

10 phosphorohalidate in high yield which contains no
impurities such as the phosphorus oxihalidate and aromatic
hydroxy compound used as starting materials and the

catalyst.



